Preparation of chemically treated rambutan (Nepheuum lappaceum L.) peel for the removal of basic and reactive dyes from aqueous solution / Rasyidah Alrozi, Norashikin Ahmad Zamanhuri and Mohamed Syazwan Osman by Alrozi, Rasyidah et al.
PREPARATION OF CHEMICALLY TREATED RAMBUTAN (NEPHEUUM LAPPACEUM 
L.) PEEL FOR THE REMOVAL OF BASIC AND REACTIVE DYES FROM AQUEOUS 
SOLUTION 
RESEARCH MANAGEMENT INSTITUTE (RMI) 
UNIVERSITI TEKNOLOGI MARA 
40450 SHAH ALAM, SELANGOR 
MALAYSIA 
BY 
RASYIDAH ALROZI 
NORASHIKIN BINTI AHMAD ZAMANHURI 
MOHAMED SYAZWAN BIN OSMAN 
NOVEMBER 2012 
i 
TABLE OF CONTENT 
1.0 LETTER OF REPORT SUBMISSION iii 
2.0 LETTER OF OFFER (RESEARCH GRANT) iv 
3.0 ACKNOWLEDGEMENTS v 
4.0 ENHANCED RESEARCH TITLE AND OBJECTIVES vf 
5.0 REPORT 1 
5.1 PROPOSED EXECUTIVE SUMMARY 1 
5.2 ENHANCED EXECUTIVE SUMMARY 1 
5.3 INTRODUCTION 2 
5.4 BRIEF LITERATURE REVIEW 3 
5.5 METHODOLOGY 5 
5.5.1 ADSORBATES 5 
5.5.2 ADSORBENTS PREPARATION 5 
5.5.3 CHARACTERIZATION 5 
5.5.4 EFFECT OF DOSAGE 6 
5.5.5 EFFECT OF SOLUTION PH 6 
5.5.6 EQUILIBRIUM STUDIES 6 
5.5.7 KINETIC STUDIES 6 
5.5.8 EXPERIMENTAL ACTIVITIES 7 
5.6 RESULTS AND DISCUSSION 7 
5.6.1 CHARACTERIZATION OF TREATED RAMBUTAN PEEL 7 
5.6.2 EFFECT OF DOSAGE 8 
5.6.3 EFFECT OF SOLUTION PH 9 
5.6.4 EFFECT OF CONTACT TIME AND INITIAL DYE CONCENTRATION....10 
5.6.5 ADSORPTION ISOTHERM 11 
5.6.6 KINETICS OF ADSORPTION 12 
5.7 CONCLUSION AND RECOMMENDATION 14 
5.8 REFERENCES 15 
6.0 RESEARCH OUTCOMES 20 
7.0 APPENDIX 21 
II 
mmmm 
UNIVERSITI 
TEKNOLOGI 
Ruj. Kami : 600-RMI/ST/DANA 5/3/Dst (120/2011) ^ t ^ MARA 
Tarikh X$» Mac 2012 
Pn. Rasyidah Alrozi 
Fakulti Kejuruteraan Kimia 
Universiti Teknologi MARA. Cawangan Pulau Pinang 
Jalan Permatang Pauh 
13500 Permatang Pauh 
Pulau Pinang 
Puan 
KELULUSAN PERMOHONAN PELANJUTAN TEMPOH PENYELIDIKAN KALI PERTAMA 
Preparation Of Chemically Treated Rambutan (NePhelium Lappaceum L) 
Taiuk Proiek P e e ' ^ s ^-ow ^ o s * A d s o r b e n * F ^ r T h e Removal Of Basic (Methylene Blue) 
And Reactive (Remazol Briiiiant Blue R)Dyes From Aqueous Solution 
Kod Projek 600-RMI/ST/DANA 5/3/Dst (120/2011) 
Ketua Projek Pn. Rasyidah Alrozi 
Dengan segala hormatnya, perkara di atas adalah dirujuk. 
2. Institut Pengurusan Penyelidikan (RMI) telah menerima dan meluluskan permohonan pelanjutan 
tempoh penyelidikan kali pertama daripada puan mulai 31 Mei 2012 sehingga 30 November 2012 
selama enam (6) bulan sahaja. Oleh yang demikian, puan diminta menyiapkan dan menamatkan projek 
penyelidikan di dalam tempoh tersebut. 
3. Disamping itu juga, puan perlu berusaha untuk membentang dan menerbitkan kertas kerja di 
dalam presiding atau jurnal yang berindeks Scopus / ISI atau mempatenkan kerja penyelidikan puan 
sebagai saiah satu hasil utama penyelidikan. 
4. Sehubungan itu, RMI berharap pihak puan dapat memberikan kerjasama untuk menamatkan dan 
menyempurnakan projek penyelidikan serta menggunakan keseluruhan peruntukan perojek penyelidikan 
dengan penuh kebijaksanaan dengan mengikut mengikut garis panduan yang telah ditetapkan dalam 
surat kelulusan RMI sebelum ini. 
Sekian. harap makium dan terima kasih. 
Yang benar, 
DR.^NG OSKAR HASDINOR HASSAN 
Ketua Fi^nyeiidikan (Sains Sosial dan Pengurusan) 
s.k.: 
1 Rektor, Universiti Teknologi MARA, Cawangan Pulau Pinang, Jalan Permatang Pauh, 
13500 Permatang Pauh, Pulau Pinang 
nhah/kbg 
REPORT 
5.1 PROPOSED EXECUTIVE SUMMARY 
Due to the high quantities of water used in the dyeing processes, the textile industry 
has become one of the greatest sources of liquid effluent that contaminated with various kinds 
of dyes including basic and reactive dyes. The liquid effluent may cause damage not only to 
aquatic life, but also to human beings. For the last few years, adsorption technique appeared 
to offer the best prospects over other conventional methods and proved itself as one of an 
effective and attractive process for the treatment of dyes containing wastewater. However, 
cost-effective alternative technologies or adsorbents for this purpose are needed. Therefore, 
this study investigates the potential use of rambutan (Nephelium lappaceum L. ) peel as low 
cost adsorbent for the removal of both basic (Methylene Blue) as well as reactive (Remazol 
Brilliant Blue R) dyes from aqueous solution. The sorption properties of the sorbents will be 
enhanced using hydrochloric acid (HCI) and sodium hydroxide (NaOH) with different 
impregnation ratio (IR). The treated and untreated rambutan peel will be characterized through 
Fourier Transform Infrared (FTIR). The effects of various operating variables such as 
adsorbent dosage, solution pH, initial dye concentration and temperature on adsorption 
equilibrium, kinetics and thermodynamic for the removal of Methylene Blue and Remazol 
Brilliant Blue R will be studied. It is expected that rambutan peel is capable to remove both 
basic as well as reactive dyes from aqueous solution and thus it might be served as cheap 
non-conventional sorbents in wastewater treatment 
5.2 ENHANCED EXECUTIVE SUMMARY 
Commercially available adsorbents are still considered expensive due to the use of 
non-renewable and relatively expensive starting material such as bituminous coal. Therefore, 
this study investigates the potential use of tropical fruit waste such as rambutan peel (RP) that 
available in Malaysia, as the precursor for the preparation of chemically treated adsorbent 
which can be applied for the removal of two types of dyes, which are basic Methylene Blue 
(MB) and reactive Remazol Brilliant Blue R (RBBR) from aqueous solution. Impregnation with 
hydrochloric acid (HCI) and sodium hydroxide (NaOH) was used in order to modify the surface 
characteristics of the prepared adsorbent. In this study, adsorption of MB and RBBR dye by 
NaOH-treated rambutan peels (N-RP) and HCI-treated rambutan peels (H-RP) were 
examined. The adsorption experiments were carried out under different conditions of initial 
concentration (25-500 mg/L), solution pH 2-12 and adsorbent dose (0.05-1.0 g). The 
influence of these parameters on the adsorption capacity was studied using the batch 
process. MB and RBBR adsorption uptake were found to increase with increase in initial 
concentration and contact time. The MB adsorption was unfavourable at pH<4 whereas RBBR 
adsorption was favaourable at pH>4. Langmuir, Freundlich and Temkin isotherm models were 
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used to illustrate the experimental isotherms and isotherms constant. The equilibrium data 
were best represented by Langmuir isothem model, showing maximum monolayer adsorption 
capacity of 231.34 and 112.69 mg/g for MB and RBBR dye, respectively. The rates of 
adsorption were found to obey the rules of pseudo-second order model with good correlation 
for both dyes. The result suggested that the N-RP and H-RP would be an excellent alternative 
for the removal of MB and RBBR dye by adsorption process. 
5.3 INTRODUCTION 
Methylene blue (MB), which is classified as a basic dye has wider application including 
coloring paper, temporary hair colorant, dyeing cottons, wools, coating for paper stock, etc. 
(Kumar et al., 2004). Though methylene blue is not strongly hazardous but on inhalation, it 
can show various harmful effects. It can give rise to short periods of rapid or difficult breathing 
while ingestion through the mouth produces a burning sensation and may cause nausea, 
vomiting, diarrhea, and gastric. Accidental large dose creates abdominal and chest pain, 
severe headache, profuse sweating, mental confusion, painful micturation, and 
methemoglobinemia (Ghosh and Bhattacharyya, 2001). 
On the other hand, reactive dyes are used in textile dyeing industries due to their 
superior fastness to the applied fabric, high photolytic stability, high solubility and resistance to 
microbial attack (Xie et al., 2011). Remazol Brilliant Blue R (RBBR) is a reactive dye, 
frequently used as a starting material in the production of polymeric dyes. It represents an 
important class of toxic and recalcitrant organopollutants (Mechichi et al., 2006). They consist 
of a chromophore and a functional group that binds the dyestuff to the fiber (Al-Degs et al., 
200). The functional group also binds to water and cause hydrolysis. Hence, 10-50% of the 
dye remains in the dye bath wastes, and are highly recalcitrant to conventional wastewater 
treatment processes (Aksu and Qagatay, 2006). Discharge of these wastewaters into 
receiving streams causes damage not only to aquatic life but also to human beings 
(Baskaralingam et al., 2007). Therefore, the removal of MB and RBBR from wastewater 
before discharging to the environment is necessary and very important. 
The techniques for removing dyes in wastewater can be divided into three main 
categories which are physical, chemical and biological methods. Among the three methods, 
physical method of adsorption is known to be the most efficient method especially if the 
adsorbent is inexpensive and exhibits high adsorption capacity suitable for removing the dyes 
from wastewater (Ahmad and Alrozi, 2010). Activated carbon as an adsorbent has been 
widely investigated for the adsorption of basic and reactive dyes (Ahmad and Alrozi, 2010; 
Hameed et al., 2007; Tan et al., 2007), but the running costs are high with the need for 
regeneration after each sorption cycle limits its commercial application (Gong et al., 2005). 
Due to economic reasons, low-cost alternative adsorbents were investigated especially from 
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